Abstract: This paper gauges the effect of financial deepening and bank outreach on informality using micro data from the Indian manufacturing sector and exploiting cross-industry variation in the need for external finance. We distinguish between two channels through which access to finance can reduce informality: reducing the entry barrier to the formal sector and increasing productivity of formal firms. We find that bank outreach has a stronger effect on reducing the incidence of informality by cutting barriers to entering the formal economy, especially for smaller firms, and thus diminishing opportunistic informality. In comparison, financial deepening increases the productivity of formal sector firms while it has no significant impact on informal sector firms.
Introduction
A large share of private sector activity in developing countries takes place outside the formal economy. On the one hand, working in informality implies lower regulatory and tax burden.
On the other hand, informal firms have limited access to formal services like the legal system and they are less likely to hire skilled labor (Boadway and Sato 2010) . Critically, informality is often associated with lack of access to formal sources of external finance, as both theory and empirical work has shown (Straub, 2005; Beck, Lin and Ma, 2014) . It is not clear, however, whether this relationship is a causal one and, if yes, what the driving factor is. Does lack of access to formal finance discourage entrepreneurs from entering the formal economy or does informality prevent them from accessing formal finance? How different is the effect of financial deepening on formal and informal firms? This paper exploits state-year variation within Indian manufacturing to disentangle the relationship between different types of informality and different dimensions of financial sector development, notably financial depth (commercial bank credit to SDP) and financial outreach (branch penetration). Following the seminal work by Rajan and Zingales (1998), we exploit cross-industry variation in the need for external finance to control for endogeneity biases.
Informality has different dimensions and means different things to different people.
From one perspective, some firms -or workers-exit from the formal sector based on a private cost-benefit analysis of formality, while others are excluded from state benefits because of high registration costs and regulatory burden (Perry et al. 2007) . From a different angle, informality has both inter-firm and intra-firm margins. At the inter-firm margin, some firms, working "underground", completely hide from the state. Others, at the intra-firm margin, are partly formal and partly informal which usually happens in the form of misreported sales and hidden workers. In this paper, we focus on the interfirm margin of informality, i.e. the exclusion of enterprises from the formal economy, be it voluntarily or involuntarily.
Previous research has shown important links between access to finance and the incidence of informality. On the theoretical level, Straub (2005) presents a comprehensive model of a firm's decision between formality and informality, which includes the decision to tap formal or informal financial markets and shows how the different constraints discussed in the empirical literature affect the threshold size of a company indifferent between formality and informality. In this paper, we use a similar conceptual framework for addressing different dimensions of informality. Consider an economy in which firms (or entrepreneurs) are heterogeneous in initial capital k and can work in either formal or informal sector. The productivity is higher in the formal sector, due to access to formal services; however, firms have to pay an entry cost to overcome the barrier of formality. This barrier includes registration costs, indivisibility of investment and formal property claims, where the latter enables entrepreneurs to use her assets as collateral and thus gain access to formal finance. Figure 1 plots the production versus initial capital of a firm in the formal and the informal sector. The marginal production of capital is decreasing and given the real rental price, the profit maximization in the informal sector yields the optimal use of capital as k * . The intersection of the iso-profit line of k * and formal production curve gives the level of initial capital ̅ above which firms decide to work in the formal sector. Based on the firm's decision, three different regions can be distinguished. In the right area, firms become formal and have the highest production and profitability. In the middle, although formality is possible, the optimal choice is producing in the informal sector and entrepreneurs thus voluntarily self-exclude from formality. The left area stands for firms not possessing enough capital to work formally and therefore excluded from the formal sector.
Insert Figure 1 here
In this setting, better access to financial services helps reduce informality through two different channels:
(A) Increase transparency: Access to finance makes the operation of the enterprise at least partly observable and thus reduces asymmetric information and agency problems between lender and borrowers, hence facilitating the use of formal finance and other formal services. In this way, financial development helps the firm to overcome the barriers of formality shifting the formal sector production curve to the left (Figure 2 .A).
(B) Enhance productivity: By facilitating transactions using short-term credit and funding long-term investment, financial development shifts the productivity of formal firms upwards, while it has no significant effect on informal firms, thus increasing the benefits of producing in the formal sector (Figure 2 .B).
Insert Figure 2 here
The transparency channel helps credit constrained firms increase their credibility to overcome the entry cost into the formal sector and thus reduces the incidence of informality.
In contrast, the productivity channel has two effects on informality: (i) it reduces the opportunistic informality and the number of firms that voluntarily produce in the informal sector; (ii) it increases the production of the formal sector for a fixed level of initial wealth. In this framework, Channel (A) is the main mechanism through which finance affects small firms. In contrast, the impact of financial development on firms possessing large fixed assets is through Channel (B). Moreover, we expect both channels to be stronger in industries that are more dependent on external finance.
We examine these hypotheses using Indian manufacturing data. After examining the overall effect of financial development on the incidence of informality, we inspect whether it helps removing formality barriers, by focusing on small firms that are more likely to be excluded from the formal sector. To control for endogeneity biases related to reverse causation and omitted variables, we follow the seminal work by Rajan and Zingales (1998) and exploit cross-industry variation in the need for external finance. Using a difference-indifference set-up, we gauge whether firms in industries more reliant on external finance are more likely to be formal in states and years with higher levels of financial development. This allows us to control for demand-side effects and for other factors co-varying on the state-year level with financial deepening. We gauge the effect of financial development on both intensive and extensive margins of the formal sector, i.e. the number of firms and the total production share, and thus both channels discussed above, and focus on two different dimensions of financial development, namely depth, proxied by Credit to SDP, and outreach, proxied by branch penetration. Financial depth relates to the overall credit volume in the economy, independent of which enterprises have access to credit. A high credit volume could thus be mapped to different loan size distributions, including loans mainly to large firms.
Financial or bank outreach relates to the ease of access to financial services, including credit.
Given the importance of geographic proximity in lending relationships especially of smaller firms (Degryse and Ongena, 2005) we conjecture that small firms stand to benefit more from financial outreach than large firms. Although these dimensions are not mutually exclusive, the emphasis of one over the other can lead to different policy recommendations.
Our results suggest that both dimensions of financial development are important for increasing the share of formal production in manufacturing. Financial outreach helps reduce formality barriers and thus increases the number of formal firms (channel A), whereas financial depth mainly affects informality through channel (B), increasing productivity of industries dependent on external finance. We also find that this effect is stronger for small firms in the case of financial outreach while financial depth is associated with the incidence of formality of larger firms. This paper contributes to several literatures. First, we add to the literature on informality.
An extensive literature has shown that informality almost always has negative consequences on the aggregate level. In addition to lack of access to formal services, hiding from the government increases distortions and reduces productivity (Gordon and Li 2009 ). On the other hand, informality can indirectly hamper firm growth through lack of infrastructure caused by deficits in the government revenue (Kleven et al, 2009 ). Based on the World Bank Enterprise Surveys, La Porta and Shleifer (2014) find high levels of informality in developing countries. One of the important differences between formal and informal enterprises is that around 44 percent of informal enterprises list access to financing as the main obstacle of doing business, whereas this number is 21 and 14 percent for small and large formal enterprises, respectively. They also document a large productivity gap between formal and informal firms. In line with this, Hesieh and Olken (2014) show sharp differences in productivity and human capital of managers between formal and informal firms. Our paper investigates how variation in financial sector development across states and over time within India can explain incidence of informality and productivity differences between the formal and informal sectors. This paper is also related to a small but growing literature on the determinants of informality, most of which focus on specific factors that can explain the incidence and extent of informality. The literature has focused on different areas to explain informality and tax evasion. First, high tax rates and other burdensome regulations increase cost and reduce benefits of formality (de Soto, 1989; Loayza, 1996; Schneider and Ernste, 2000) , although low taxation combined with deficient public services can result in similar effects (Johnson et al., 2000; Friedman et al., 2000; Dabla-Norris et al., 2008) . The relationship between labor market rigidities and informality, on the other hand, seems to be relatively robust (Loayza, 1996; Botero et al., 2004) , as is the effect of entry regulations (Djankov et al., 2003; Klapper et al., 2006) . Second, weak institutions that allow rent seeking and predatory behavior by government officials drive firms into informality, an explanation often applied to posttransition economies in Eastern Europe Vishny, 1993, 1994) . A third explanation is that firms try to hide their profits from criminal gangs (Zhuravskaya and Frye, 2000) . Fourth, deficiencies in the legal framework (Johnson et al., 1998) reduce the benefits of formalitybeing able to enforce contracts through the court system and thus being able to deal with a broader set of trading partners at arms-length. In our empirical assessment, we thus have to discriminate between legal system deficiencies and financial sector development not related to the legal system. Finally, several empirical papers have shown the importance of financial constraints in explaining variation in informality. A recent cross-country study shows that firms are more likely to produce in the formal sector in countries with more effective credit registries and higher branch penetration, an effect that is stronger for smaller and geographically more remote firms and firms in industries with a higher dependence on external finance (Beck, Lin and Ma, 2014) . Compared to this literature, we exploit withincountry variation in financial development and compare the effect of two different dimensions of financial development, depth and outreach.
Second, we add to a large literature on the real effects of financial deepening. Starting with King and Levine (1993 a,b), a large literature using different aggregation levels and measures of financial depth has shown a positive relationship between financial depth and economic growth, a relationship that goes more through productivity growth than capital accumulation (e.g., Beck et al., 2000) . While the recent crisis and recent studies have shown important non-linearities (e.g., Arcand et al., 2012) , there seems a wide-spread consensus in the literature on a strong effect of financial deepening on economic growth for developing countries, such as India. The literature has also related financial development to financing obstacles of small and medium-sized enterprises, showing that obstacles are lower in countries with higher levels of financial development (Beck et al., 2006) and that these obstacles are less growth constraining in countries with deeper financial systems (Beck, Demirguc-Kunt and Maksimovic, 2005) . Our paper adds to this literature by relating withincountry variation in financial development to the incidence of formality, thus another important channel through which financial sector development can impact the level and structure of GDP. Unlike previous papers, we also distinguish specifically between the two dimensions of financial depth (focus of most of the finance and growth literature) and financial outreach.
Finally, our paper also adds to a flourishing literature on economic development in India, which has linked sub-national variation in historic experiences and policies to differences in growth, poverty levels, political outcomes and other dependent variables (see Besley et al., 2007 for an earlier survey). Specifically, researchers have focused on differences in political accountability (Besley and Burgess, 2002; Pande, 2003) , labor market regulation (Besley and Burgess, 2004; Hasan, Mitra, and Ramaswamy, 2007; Dougherty, Robles, and Krishna, 2011) , land reform (Besley and Burgess, 2000; Banerjee and Iyer, 2005) , trade liberalization (Topalova, 2010; Edmonds et al., 2010) and gender inequality (Iyer et al., 2012) . Directly related to our paper, Burgess and Pande (2005) relate a social banking policy on branching to differences in poverty alleviation across states. Ayyagari, Beck and Hoseini (2013) explore the relationship between financial deepening post-1991 liberalization and poverty-levels. Our paper adds to this literature by focusing on cross-state differences in financial deepening after the 1991 liberalization episode and by comparing the effects of two different dimensions of financial developmenttotal credit volume and branch penetration of financial institutionson the incidence of informality.
The remainder of the paper is structured as follows. Section 2 describes the data we will be using and section 3 the methodology. Section 4 discusses our results and section 5 concludes.
Data
This section describes the different data sources and variables we use to gauge the relationship between the incidence of informality and access to formal sources of external finance. Specifically, this section describes (i) the indicators of informality, (ii) the indicators of financial depth and outreach, and (iii) the industry characteristics that allow us to gauge the differential impact of financial sector development on the incidence of informality across different industries.
Gauging the incidence of informality
We use firm-level surveys for the formal and informal sectors to construct gauges of the incidence of informality on the state-industry level. Specifically, we have available data for the Indian manufacturing sector for 5 years: 1989-90, 1994-95, 2000-01, 2005-06, and 2010-11 . Each year has two data sources: (i) the annual survey of industries (ASI) and (ii) the national sample survey on unorganized manufacturing sectors (NSS). The ASI covers factories employing above 10 employees using power and those with 20 employees or more without using power. In each year, all factories with more than 100 employees plus at least 12% of the rest are sampled. The sample is representative at the state and 4-digit NIC code levels. 1 The second data source is the NSS enterprise survey which covers small manufacturing units that are not covered by ASI. Its sampling strategy is based on the number of enterprises in each village/town. Sample weights which show the number of firms the 1 Up to 4-digit level, the NIC code is identical in structure to International Standard of Industrial Classification (ISIC). In the additional digits, it incorporates the national characteristics. sample represents are provided for both surveys. Table 1 shows the number of observations for each ASI and NSS surveys across the five waves. 2
Insert Table 1 here
To gauge the incidence of informality, we use two dummy variables at the enterprise level. The first one refers to general registration and indicates whether the enterprise is registered under any act or authority. The second one is tax registration and indicates whether the firm is registered with the tax authorities or not. All sampled firms in ASI are registered under the Factories Act and are taxpayers. The NSS sample surveys have information about registration under any act or agency. We can find out about tax registration by checking whether the firm pays any sales tax (distributive expenses) or not. Thus, a firm is registered for tax if it is in ASI or it is in NSS and has nonzero distributive expenses. We do not have information about tax registration or payment in NSS 89, and therefore, we use this year just for the regression of general registration.
We use the information on firms' registration status to construct six different indicators of informality on the aggregate level. Table 2 (3) and (4) we present the weighted sum of the value-added of registered firms divided by the weighted sum of the value-added of all firms. The numbers indicates that although the number of registered and tax-paying firms is small, they comprise a big and growing slice of the value added in the manufacturing sector, reaching 93 and 89 percent in 2010, respectively. Finally, the numbers in rows (5) and (6) are employment shares of formal firms which equal the weighted sum of the number of workers of registered firms over the weighted sum of the workers of all firms. The trends in the value-added and employment is similar to the number of firms, first dropping and then increasing again.
Insert Table 2 here
To examine the robustness of our measure, we cross-check the overall numbers with comparable GDP estimations of Indian manufacturing sector published by Central Statistical Office (CSO), Government of India. Table 2 .B compares the official estimation of net manufacturing GDP in India versus our estimations of gross output and value-added, using 2005 as the base year. The official estimations are at constant price and account for depreciation. We also normalize our estimated values by state level price indices, 3 but our measures are in gross terms. There are several reasons for differences across the different variables. First, they might be due to differences in price adjustment and depreciation. In addition, the CSO publishes net GDP data on registered and unregistered manufacturing.
Compared to our methodology, the CSO's estimation is based on labor input and production per labor, counting just firms in ASI as the registered sectors. 4 Since we also take into account registered enterprises in the NSS that are not covered in ASI, our estimates of formal production tend to be higher. Nevertheless, we observe parallel trends in the value-added share of firm registered under any act and in similar estimations by CSO.
Appendix Table A1 provides the average share of registered firms across industries, both using general and tax registration and across the three dimensions of (i) share of firms, (ii) share of value added and (iii) share of employees, as well as the number of firms these averages are based on, averaged over the five survey waves. We note a substantial variation across industries in the incidence of informality. While in Mining and Quarrying 100% of activities are undertaken in registered companies, only 3% of companies in the tobacco industry are registered under any act and less than 0.5% are registered with tax authorities, even though their share in total employment is over 11% and their share in value added over 58%.
Appendix Table A2 provides similar information on the incidence of informality across states, again averaging over the five survey waves. While over 40 percent of firms are registered in Goa, only one percent are registered in Orissa. Figure 3 provides graphical illustration of cross-state variation of registration average over time and industries.
Insert Figure 3 here
We use these indices of informality on the firm-level to compute gauges of the incidence of informality on the state-year-industry level. Specifically, we combine the firm-level data of ASI and NSS and then collapse them at state-year-industry level using sample weights. Since sampling in NSS is based on location not industry, we aggregate our measure just to 2-digit industry codes. Specifically, we construct indicators of formality based on the share of firms, share of value added and share of employees, both for general registration and tax registration. Overall, we have 35 states, 5 years, and 33 industries, but the number of observations is only 4,180 because smaller states do not host all industries. In the regressions, we have fewer observations because of missing data on some of the independent variables in some states, industries and years. Table 3 Panel A provides the descriptive statistics on our indicators. On average, 11.3 percent of firms are registered under any act, but only 2.1 percent for tax authorities.
Insert Table 3 here
State level indicators of financial development and control variables
We construct several time-variant indicators of financial and economic development as well as tax enforcement on the state-level. Panel A of Table 3 provides descriptive statistics of the time-variant state-level variables. Appendix Table A2 provides state-level averages of the different variables.
The post-1991 period has seen rapid financial deepening in India, though with important differences across Indian states. As documented in Ayyagari, Beck and Hoseini (2013) , following a severe balance of payments crisis in 1991, there was a substantial liberalization of India's financial sector as part of an economy-wide liberalization process. These reforms included de-regulation of interest rates, reduction in the volume of directed credit and entry of new privately-owned financial institutions. Reforms of the regulatory and supervisory framework and the contractual environment also supported financial deepening in the subsequent decades. As documented by Ayyagari et al. (2013) , however, this financial deepening process was uneven across different Indian states. This heterogeneity over time and across states provides us a rich identification tool that we can relate to variation in the incidence of informality, as we will discuss in the following.
First, we use two indicators of financial sector development, capturing the two dimensions of financial depth and financial outreach. Specifically, Credit to SDP is outstanding amount of credit utilized in each state divided by State Domestic Product. It corresponds to a standard cross-country indicator, Private Credit to GDP, which has been extensively used in the finance-growth literature (e.g. Beck et al., 2000) . We use its logarithmic form to control for non-linearities, as typically done in the cross-country literature exploring the effects of financial deepening. Our measure of financial outreach is Branches per capita and is the number of bank branches per 10,000 people in each state and
year. Average Credit to SDP varies from 11% in Nagaland and Manipur to 135% in Chandigarh, while branches per capita is 0.42 in Bihar ranging up to 3.42 in Goa.
In investigating the link between financial development and informality, we also control for several other time-varying state characteristics. SDP per capita is net state domestic product per capita at constant price and a proxy for income levels, and State Government Expenditure to SDP is total state government expenses over SDP. Higher economic development and better public service provision might reduce barriers to formality for enterprises. Critically, as one of our formality gauges refers to tax payments, we control for 
2.3.Industry characteristics
To explore the differential effect of state-level policies on informality in different industries, we use an industry characteristic that captures the need for financial services and thus the potential benefit of access to formal finance or opportunity costs of informality.
Specifically, we use the RZ index of financial dependence which is from Rajan and Zingales (1998) and equals the median of firm level measure "(capital expenditurescash flow)/capital expenditure averaged over 1980s" for 36 industries. This indicator, computed for a group of large listed enterprises in the U.S., for which the supply curve can be expected to be almost perfectly elastic, is supposed to indicate the need for external finance based on inherent industry characteristics and is exogenous to the actual use of external finance by firms in India. As our sample period spans the 1990s and 2000s in India and this measure is computed for the U.S. in the 1980s, concerns on different technologies in both countries might not be as critical. The level of dependence on external finance shows the potential benefits for firms from being formal and having access to formal financial services. Appendix Table A1 shows that external dependence ranges from -0.45 in tobacco industry to 1.06 in office and computing machinery.
In addition, we employ another industry-level index to capture the exogenous variation in tax compliance. The Indian taxation of enterprises comprises direct and indirect taxation on both central and state level. While direct taxes are mainly levied by the central government, the main source of states' tax income is their sales tax. Union excise duties on all manufacturing products and service tax on services are also levied by the central government. Excise duties, covering all manufacturing products, turned to the VAT -named MODVAT-in 1985 and expanded to ad-valorem rates in 1993 for the majority of products. Hoseini (2014) shows that under the value-added tax system, upstream industries that are forwardly linked to others have higher risk of detection and thus are more likely to be formal.
As over the period of our study, the manufacturing sector of India has been under the valueadded tax, we measure the forward linkages of each industry to capture the exogenous variation in the risk of noncompliance in the value-added tax system. The forward linkages index, based on Rasmusen (1958) , is the row sum of Leontief inverse matrix of Indian economy reflecting the flow of products going to other industries not final consumers.
Specifically, for each industry, it is equal to the diagonal element of X -1 (I-A) -1 X, where X is the diagonal matrix of production and A is the Leontief coefficient matrix. This index is calculated for each industry using the input-output tables of the Indian economy. The I-O tables are available for 1993-94, 1998-99, and 2003-04 and we use the average of the index over time. The indicator ranges from 0.27 in tobacco products to 2.07 in basic metals. Table 3 presents 
Panel B of

Ocular econometrics and methodology
Before presenting regression results on the relationship between financial development and informality this section provides some preliminary facts about this relationship using Indian manufacturing data and explains our methodology to identify the significance of each channel. Figure 4 plots the general and tax registration rate versus our two financial development variables across states. It can be seen that both financial variables have a positive relationship with general and tax registration rates, but the observations of branches per capita and tax registration are more concentrated along the fitted line, compared to the other three relationships. Both relationships are significant at the 1 percent level for branches per capita and at the 5 percent level for credit to SDP.
As shown in Figure 2 .A, theory suggests that one effect of access to finance on informality is cutting the barrier to formality and enabling firms to overcome the costs of formality. To identify this mechanism, we focus on the sample of smaller firms that are more likely to be excluded from the formal sector. Figure 5 plots registration rates versus our financial development indicators for the sample of smaller firms, defined as establishments with fixed assets less than the 25 th percentile of the respective industry in each year. The figure suggests a positive relationship between formality and branches per capita, with a higher slope than in the overall sample (significant at the 1 percent level), while the relationship with credit to SDP is insignificant.
The second channel through which finance can alleviate informality is increasing productivity of the formal sector (Figure 2 .B). As mentioned above, this channel has two effects: reducing opportunistic informality and boosting the production of formal sector firms. In order to identify this channel, we employ the exogenous variation in the dependence on external finance among industries. In Figure 6 , we compare the registration and financial outreach relationship between two groups of industries: above the 75 th and below the 25 th percentiles of the RZ index of financial dependence. It can be clearly seen that the positive relationship is stronger for industries with larger need for external finance suggesting less opportunistic informality in these industries. In Figure 7 , we use the same structure to compare the link between production and financial depth in the formal and informal sector.
This figure shows that in the formal sector, production of industries more reliant on external finance is highly sensitive to credit to SDP (significant at 1 percent level), while this sensitivity is much less for other industries. One the other hand, this pattern is much weaker and insignificant in the informal sector.
To formally estimate the overall effect of state-level financial development on registration rates, we use different methodologies. First, we use the following difference-indifference setting as the baseline.
where inf ist is one of the informality Because our regressions are for the whole of India, in each regression, we use the estimated number of firms in state s, year t, and industry i as weights for the observations. In addition, to control for the underestimated standard error in the difference-in-difference setting, as suggested by Bertrand, Duflo and Mullainathan (2004) , we cluster our estimation at the state level.
To estimate the differential effect of state-level financial development and enforcement activity on the incidence of informality across firms with different needs for external finance, we utilize the following difference-in-difference setting for estimation.
where RZ i is the Rajan-Zingales index of external dependence for industry i, and FL i is forward linkage for industry i, Y st is a vector of state-level log of enforcement per firm, and the rest of variables are the same as equation (1). By saturating the model with industry and state-year fixed effects, we focus on the relative effect that time-variant state-level variables have on the incidence of informality on the state-industry-year level. In order to examine the production enhancing effect of finance on the formal sector, we utilize the same regression setup as (2), but instead of the incidence of formality, we use the levels of production and value-added in formal and informal sectors as the dependent variable.
Empirical Results
The results in Columns (1) to (4) of Table 4 
Insert Table 4 here
In the rest of Table 4 , we estimate the same equation, but for sub-samples of firms with smaller fixed assets to capture the effect of financial development on firms that are more likely to be excluded from the formal sector. Specifically, we select firms whose total fixed assets are below the 25 th percentile of their industries in each year, and re-compute the informality measures and the sample weights. 5 Columns (5) to (8) show that for the sample of smaller firms the effect of financial penetration is significant for both general and tax registration. Moreover, financial depth is positively associated with tax registration and less robustly with general registration for smaller firms. In terms of the economic size of the relationship, financial outreach has more explanatory power for the incidence of informality than financial deepening. For instance, for the sample of firms below 25 th percentile, one detrended standard deviation increase in branches per capita and credit to SDP increases tax registration rate by 0.045×16.28 = 0.73 and 0.138×2.46 = 0.34 percentage point, respectively.
Overall, the estimations suggest that financial development reduces exclusion from the formal sector by reducing entry barriers to the formal sector, a relationship stronger for smaller firms; we also find that broadening access plays a more important role than financial deepening. 6 These results, however, are based on average estimations across industries with different needs for external finance. The estimates are also subject to endogeneity biases, related to reverse causation (a higher share of formal firms demanding more formal finance and thus increasing both credit volume and outreach by financial institutions) and omitted variables that might drive both reduction in informality and financial deepening and broadening. In the following, we will therefore explore the differential relationship between financial development and the incidence of informality across industries with different needs for external finance.
The results in Table 5 show that the positive association of financial development and the share of firms registered under any act and registered with tax authorities, are stronger in industries that rely more on external finance. In columns (1) and (2), we interact the two financial development variables on the state-year level with external dependence on the industry level, including state-year and industry fixed effects. Both interaction terms enter positively and significantly at 1% level. To control for the fact that financial development and formality are correlated with income levels and other government policies, we also include interaction terms of external dependence with the log of SDP per capita and government expenditures to SDP. While these interaction terms enter positively but insignificantly in the regression including the interaction between Credit to SDP and external dependence, they enter negatively and insignificantly in the regression including the interaction of external dependence and branches per capita. In columns (3) and (4), we also control for the interaction of forward linkages with both state-level enforcement expenditures per firm and the log of SDP per capita, While neither of them enters significantly, the financial development interaction terms continue to enter significantly with similar coefficient sizes.
Insert Table 5 here
The results in columns (5) to (8) The findings of Table 5 are not only statistically, but also economically significant. The difference-in-differences estimation suggest that going from a state at the 25 th percentile of branches per capita (Jharkhand = 0.55) to a state at the 75 th percentile (Kerala = 1.14) and an industry at the 25 th percentile of the RZ external dependence index (basic metals = 0.03) to an industry at the 75 th percentile of external dependence (motor vehicles = 0.39) results in an increase in registration under any act by 22.71×0.59×0.36=4.8 percentage points and an increase in tax registration by 7.55×0.59×0.36=1.6 percentage points. The 25 th and 75 th percentiles of credit to SDP are Uttar Pradesh (0.19) and Andhra Pradesh (0.36); the differential effects for Credit to SDP are therefore 2.73 and 0.55 percentage points, respectively. 7 This compares to a mean registration rate of 11.3 percent and 2.1 percent under tax authorities. As in Table 4 , the economic effect is thus larger for financial outreach than for financial depth.
The results reported Appendix Table A3 show that the effect of financial outreach is stronger for smaller firms, while we only find an effect of financial depth for larger firms.
Here, we split the sample into firms below and above the 25 th percentile of fixed assets for a specific industry and year. While estimates become less precise for the sample below the 25 th percentile, the relative economic size of the effects of financial depth and outreach is confirmed. In the case of firms above the 25 th percentile, only the interaction of external finance with our measure of financial depth, Credit to SDP, enters positively and significantly in the regressions. This suggests that larger firms in industries relying on external finance do not benefit from higher branch penetration, but rather from overall financial depth, as captured by credit volume on the state level. 8
One concern regarding the impact of financial development on informality is the reverse causation in the sense that lower informality leads to higher demand for financial services, especially in industries with higher need for external finance. To control for this effect, in
Appendix Table A4 , we re-estimate Table 5 for the sample of industries that are below the median of production level in the respective state and year. The results suggest that even if we exclude the larger industries in each state that can create such a demand effect, the interaction of RZ with both financial penetration and financial deepening are positively associated with registration rates.
While Table 5 considers only the share of firms, we now turn to alternative indicators of informality as dependent variables. In Table 6 , instead of the share of formal firms, we use value-added and employment share of formal firms in total as dependent variables.
Specifically, we present results with (i) the log of share of value added produced by firms registered under any act or the tax act (columns 1 to 4) and (ii) the log of share of employment in firms registered under any act or the tax act (columns 5 to 8), with the interaction of financial development and external dependence as the main explanatory variable of interest.
The results in Table 6 show that while financial depth is positively and significantly associated with the share of formally produced value added and the employment share of firm registered under any act or tax, there is no significant impact of financial breadth on the share of value added or employment in formally registered firms. Specifically, the interaction term between Credit to SDP and external dependence enters positively and significantly at least at the 5 percent level in all four regressions, while the interactions of branch penetration and external dependence do not enter significantly in any of the regressions. This suggests that although financial outreach pushes the informal firms into the formal sector, it does not necessarily improve their value-added or production. Moreover, the results suggest that the effect of financial deepening on informality is through improving value-added and employment of formal sector firms, rather than through pulling more firms into the formal sector.
Insert Table 6 here So far, we have focused on the relative importance of formal and informal sectors within manufacturing. We now turn our attention to production and value added in the formal and informal sectors to test the link between financial development and the second channel outlined above, i.e. the higher productivity of firms in the formal sector. We therefore use as dependent variable total production or total value added on the state-industry level for all firms, registered firms and unregistered firms. Specifically, Table 7 illustrates the result of estimation of equation (2) for log of production (panel A) and value-added (panel B).
The results in Panel A of Table 7 show that total production and production in registered firms increases with Credit to SDP in industries that depend more on external finance, while total production of unregistered firms is not significantly associated with the interaction of external dependence and Credit to SDP suggesting a positive and significant impact of financial deepening on production of firms registered under any act or tax, but not of informal firms. On the other hand, the interaction term of branches per capita does not enter significantly in any of the specifications. The results in Panel B of Table 7 show that total value added of registered firms increases across industries with a higher need for external finance as financial systems deepen, while value-added of informal firms and total valueadded does not vary with the interaction of Credit to SDP and external dependence.
Comparing 75 th and 25 th percentiles, the economic effect of credit to SDP interacted with RZ on the value-added of firms registered under any act is 0.641×log(0.36/0.19)×0.36=0.147
which is 32% of the de-trended standard deviation of the dependent variables (0.46). The effect for tax registered firms is 0.995× log(0.36/0.19)×0.36=0.229 accounting for 44% of detrended standard deviation (0.52). As in Panel A, the interaction terms of branch penetration and external dependence do not enter significantly.
In summary, our empirical findings suggest an important impact of financial sector development on the incidence of formality. This impact works through different channels, with different dimensions of financial sector development dominating specific channels.
Specifically, we find that branch penetration, i.e. outreach by financial institutions, is associated with a lower incidence of informality mainly through the extensive margin by helping or persuading informal firms to enter the formal sector. Financial deepening, on the other hand, as proxied by Credit to SDP, increases the productivity of formal sector and reduces informality mainly through this channel.
Conclusion
This paper explores the relationship between financial sector development and the relative importance of formal and informal manufacturing in India. Previous work and theory suggest an impact of financial development on both extensive and intensive margins, i.e. pulling more firms into the formal sector and increasing total production of the formal sector.
Our results provide evidence for both channels, but also distinct roles for financial depth, as proxied by Credit to SDP, and financial outreach, as proxied by branch penetration.
Specifically, exploiting variation within state-years and industries with different needs for external finance, we find that financial outreach is positively associated with a higher share of formal enterprises, especially in industries with a higher demand for external finance, i.e.
where firms benefit more from access to formal finance. While we also find a positive effect of financial depth on the share of formal firms, this effect is of a smaller size. In terms of production efficiency, on the other hand, we find a positive and significant role for financial depth, especially in industries more reliant on external finance, while no significant effect for branch penetration.
Together, these results suggest an important role for finance in reducing informality, though with important differences across industries. They also suggests that policies aimed at deepening the financial system as much as policies aimed at increasing outreach are important for increasing the share and productivity of formal enterprises in manufacturing. 
